Two Aeromonas hydrophila bacteriophages, Aehl and Aeh2, were isolated from sewage. Both phages showed binal symmetry. The dimensions of A. hydrophila phages Aehl and Aeh2 differed from those of the other Aeromonas phages. Also, phage Aeh2 was the largest Aeromonas phage studied to date. Phage Aehl formed small, clear plaques, and phage Aeh2 formed turbid plaques with clear centers. Both phages were sensitive to chloroform treatment, being totally inactivated after treatment for 1 h at 60°C at pH 3 and 11. However, the infectivity of Aehl phage stocks increased by approximately fivefold after they were treated at pH 10 for 1 h at 22°C. Phages Aehl and Aeh2 were serologically unrelated and had latent periods of 39 and 52 min, respectively. The average burst sizes of phages Aehl and Aeh2 were 17 and 92 PFU per cell, respectively. Phage Aehl infected 13 of 22 A. hydrophila strains tested, whereas phage Aeh2 infected only its original host. Phage Aehl infected some A. hydrophila strains only at or below 37°C. Neither phage infected the two A. (Plesiomonas) shigelloides strains used in this study.
The bacterium Aeromonas hydrophila has been known to cause diseases in frogs, alligators, fishes, and even humans (10, 18, 19, 21) . A. hydrophila has also been found to have a wide range of distribution in aquatic habitats (12, 16) and is considered by some investigators as a potential index organism of pollution. Because these organisms are also found in milk (6) , meat (7) , and sausage (5) and are able to grow at 0°C (15) , they are potential spoilers of refrigerated foods.
Although A. hydrophila has been studied by many investigators, very little is known about its phages. Recently, Seely and Primrose (17) reported the isolation from fish ponds of three A. hydrophila phages used to correlate the effect of temperature on the ecology of aquatic bacteriophages. However, to our knowledge, there is no reported study which describes purification and characterization of A. hydrophila phage. Therefore, this investigation was undertaken to isolate, purify, and characterize A. hydrophila phages from sewage and to determine whether the isolated phages can be used to identify and differentiate between A. hydrophila strains and related organisms.
MATERIALS AND METHODS
Bacterial strains. A. hydrophila strains A3 and ATCC 7966 were used as the original hosts for the isolation of bacteriophages. A. hydrophila A3 was isolated from a frog with red leg disease (15) .
Media and growth conditions. Cultures were incubated at 30°C in Hershey (H) broth, enriched Hershey top agar, or enriched Hershey bottom agar (20) .
Plaque assay: isolation and plaque morphology. The standard agar overlay method described by Adams (2) was used for isolation and enumeration of PFU. Plaque morphologies were observed at 12 to 16 h of incubation. Bacterial cultures in nutrient broth were inoculated with water samples of the final effluent from the city sewage treatment plant in Oshkosh, Wis. The mixtures were incubated for 36 h at room temperature and then centrifuged and filtered through 0.45-,um (pore size) membrane filters (Gelman Sciences, Inc., Ann Arbor, Mich.). Pure bacteriophage strains were obtained by six serial single-plaque isolations, and the two viruses so isolated were designated Aehl and Aeh2.
Phage stocks. Cell lysates were prepared by the broth and plate methods of Eisenstark (8) . The lysates were centrifuged at 5,000 x g in a Sorvall RC2-B centrifuge and filtered through 0.45-p.m (pore size) membrane filters (Gelman Sciences, Inc.). The filtered phage stocks were stored at 4°C.
Electron microscopy. Phage lysates were prepared by the plate method (8) and washed twice by lowspeed (6, Sensitivity to chloroform. The experimental procedure used for determining chloroform sensitivity was modified from that of Feldman and Wang (9) . A 1-ml phage suspension with an infectivity of approximately 2 x 103 PFU was mixed with 0.05 ml of chloroform in a test tube (13 by 100 mm). To another tube of phage suspension, 0.05 ml of physiological saline was added instead of chloroform as a control. The mixtures were shaken by hand for 10 min at room temperature. The tubes were then centrifuged in a bench-top centrifuge for 5 min, and the uppermost layer of the fluid in the tube was assayed for enumeration of PFU per milliliter.
Stability to temperature, pH, and storage time. Stability to temperature was tested in 5-ml volumes of phage suspension by placing them in a water bath at appropriate temperatures for 1 h and then plaque assaying. The pH stability was tested in 10-ml volumes containing 9.9 ml of H broth at the appropriate pH and 0.1 ml of phage suspension. Stability in time of the phage stocks in 10-ml samples was determined at 4 and 300C.
Adsorption of phage to host cell. Appropriate cell suspensions were repeatedly washed in H broth, counted microscopically in a Petroff-Hausser counting chamber, and resuspended at 108 cells per ml in H broth containing 107 PFU/ml, 1 mM CaCl2, and 10-3 M MgCl2 or NaCl.
At 5-min intervals, 0.1-ml samples of the phage-cell mixtures were withdrawn from the tubes and diluted into 9.9 ml of ice-cold H broth. The diluted mixtures were immediately centrifuged in a bench-top centrifuge for 10 min at room temperature and assayed for PFU. The rates of absorption of the phages to the host cells were calculated by the method of Adams (2) .
Preparation of antisera. Phage lysates prepared by the plate method (8) were centrifuged at 5,000 x g for 15 min. The supernatants were heated in a water bath at 4°C for 1 h and then partially purified by two cycles each of low-speed (6,000 x g, 15 min) and high-speed (41,300 x g, 2 h) centrifugation. The phage pellets were resuspended overnight in phosphate-buffered saline at 4°C. The infectivities of phage Aehl and Aeh2 vaccines were 3.0 x 1010 and 4.0 x 1010 PFU/ml, respectively. Rabbits were immunized by intravenous injections of the viral vaccines into the marginal ear veins by the immunization schedule of Burrell (4). Sera were stored at -20°C until use.
Serological properties. The antisera were diluted to 1:2,000, and neutralizations of 10 original PFU/ml were conducted at 37°C. The serum values (K values) for the rates of serum neutralization of the phage infectivity and the serological relationships of the phages were determined by the method of Adams (2) .
Growth cycles. One-step growth curves were investigated as described by Adams (2) .
Host range. The host ranges of the phages were determined by spot tests (8) (Fig. 2) . The tails of both phages possessed contractile sheaths which were able to contract along the long axes of the tails (not shown).
Sensitivity to chloroform. After chloroform treatment, the infectivities of the phage Aehl and phage Aeh2 suspensions were reduced to 72.0 and 0.74% of their original infectivities, respectively.
Stability to temperature, pH, and time. The temperature stabilities were tested at 20 to 60°C, at 10-degree intervals. Phage Aehl was stable for 1 h at 50°C. Phage Aeh2 was stable for 1 h at 40°C, and only about 75% of the phage survived for 1 h at 50°C. Both phages were inactivated to less than 1% survival after 1 h at 60°C. Phage Aehl was stable at pH 5 to 10, and phage Aeh2 was stable at pH 5 to 9. The activities of both phages were totally lost at pH 3 or 11 for 1 h at 22°C (Table 1) . However, the infectivity of the phage Aehl suspension increased by approximately fivefold after it was suspended at pH 10 for 1 h at 22°C. When stored at 4°C, both phages showed initial losses of infectivity over the first 10 days. Thereafter, the phage stocks were stable (Fig. 3) . On day 60 of storage at 4°C, phages Aehl and Aeh2 were decreased to 60 and 65% of their original infectivities, respectively. At 30°C, the viral infectivities of phages Aehl and Aeh2 were reduced to 1% of the original on days 37 and 78, respectively. Popoff (14) . Phage Aeh2 is the largest Aeromonas phage studied to date.
Seeley and Primrose (17) reported that only low-temperature phages (phages able to form plaques at or below 30°C) were found for A. hydrophila in the water samples they studied. 
